Introduction
The aging of the population, especially the increase in individuals aged 85 and beyond, has vast implications for our economic, social, and political systems. Clearly, the increased number of older individuals in our society is associated with many positive implications. It underscores medical and social advances over disease and also creates a pool of largely untapped resources, as a majority of older adults want or need to remain productively engaged. In this regard, older workers can help to meet challenges with pension and benefits systems and shortages in expertise and skill confronting some occupations. They also can serve as mentors to younger people through intergenerational learning programs or as mentors to their peers. For example, Dorgo and colleagues (2011) found that older adult peer mentors were as effective as student mentors in an older adult exercise program. Many older adults also engage in volunteer activities and make valuable contributions to the community, or serve in important roles as caregivers either to a spouse, partner, friend, or grandchild. Recent estimates suggest that about 32% of family caregivers who are providing care to an older adult are age 65 or older (National Academies of Science, Engineering, and Medicine, 2016) .
There are also challenges associated with an aging population. Clearly, the increased number of older people, especially the eldest of them, places strains on our healthcare, social structures, and support systems, as well as social insurance and pension systems. The incidence of chronic disease increases with age, as does the likelihood of developing a functional limitation. Recent data suggest that most older people in the United States have at least one chronic condition such as hypertension or diabetes, more than a third report having a disability, and about 30% have difficulty performing activities of daily living (Administration on Aging, 2015). Currently, healthcare services for older adults accounts for a significant portion of our healthcare budget. Thus, an increasing challenge is to ensure that the increasingly large older population, especially those in the older cohorts, receive needed care and support and are able to live healthy lives for as long as possible. There are also needs to develop strategies to support "aging in place," independent living, mobility, and transportation.
At the same time that the population of older people is increasing, we are witnessing an explosion in the development of technologies. Technology has become ubiquitous in all aspects of life and is assuming increasing importance in society. Currently about 87% of all American adults use the Internet; although adoption rates are rising they are lower among older people (age 65+), those who are less educated, and those of lower socio-economic status (Anderson and Perrin, 2016) . Other forms of technology, such as smartphones, are shaping the way we communication and manage our daily activities. Technology will continue to evolve. For example, virtual and augmented reality experiences will be used for all sorts of activities and there will be further advances in artificial intelligence, sensing systems, and robotics.
Given the intersecting trends of population aging and the ubiquitous integration of technology into all aspects of society, an emergent issue is how we can best harness developments in technology to meet the challenges of an aging society. Overall, existing and emerging technologies hold a great deal of promise in addressing the service and support needs of older adults. Technology applications can improve access to care, information, safety, communications, and social connectivity, and provide venues for productive engagement. The following section will provide examples of how technology can be used to support the growing population of older adults. This will be followed by a discussion of potential challenges and barriers that may prevent the benefits of technology from being realized by older adults and the people who care for them.
Technology
Applications to Support Older Adults
Healthcare
One obvious domain where technology can play a role in supporting older adults is healthcare. For example, the Internet and health websites (if credible and usable) can help older adults or their family caregivers become better informed about healthcare topics, and potentially foster communication with providers and ultimately make better care decisions. Mobile technologies such as smartphones and mHealth applications allow providers, patients, and caregivers to continuously track and transmit health information outside of clinical and home settings. These applications can also play an important role in patient adherence. Grindrod and colleagues (2014) explored the usability and usefulness of mobile health applications among a sample of adults aged 50+. They found that study participants perceived limited utility for the applications above their current health management systems. However, most participants experienced difficulty when first attempting to use the applications, which may have influenced their perceptions about their value. These findings also point to the importance of providing adequate training and support for use of these applications.
Technology can also serve to facilitate the prevention of the development of chronic conditions, enhance the mobility and quality of life of people who have limitations, and help to extend the life of people who have chronic conditions. For example, health websites can provide guidance on topics such as exercise and nutrition. Wearables, such as activity trackers, and online groups can foster engagement in healthy behaviors. Wearable devices and smart clothes that incorporate sensing devices can also be used to unobtrusively monitor health indicators. Patient portals that are tethered to electronic medical records are intended to foster greater engagement of patients in their own health management and allow individuals to perform a variety of health-related activities, such as communicating electronically with providers, scheduling appointments, requesting prescription renewals, reviewing and tracking health summary information and test results, and finding health information. To date, these systems have met with limited enthusiasm by consumers due to concerns about privacy, lack of perceived utility, and usability problems (e.g. Luque et al., 2013; Segall et al., 2011; Taha, Czaja, Sharit, & Morrow, 2013) Telemedicine and home monitoring systems can help with the management of chronic illness. These systems can be especially beneficial for older adults in rural locations or with limited mobility. Patients can perform routine procedures such as taking vital signs and transmitting the results to remote clinicians. Our group (Czaja, Lee, Arana, Nair, & Sharit, 2014 ) conducted a feasibility study of a home telehealth system that monitored blood pressure and weight in older patients with hypertension. The study participants had strong positive perceptions of the system and the providers reported that the system facilitated their ability to manage their patients.
Developments in digital wireless technology also now make it possible to integrate home wireless sensors and network capabilities to allow information about an individual's mobility patterns or events such as falls to be transferred to clinicians or other care providers, including family caregivers at remote locations. There are numerous other ways in which technology can support family caregivers in terms of facilitating access to needed programs and services, communication with other caregivers or family members and healthcare providers, and health-related information. The above discussion provides examples of how technology can support healthcare of older adults, but the list is not exhaustive: there are numerous other technologies and others on the horizon. For example, the development of robotic devices and coaching systems that integrate artificial intelligence are rapidly advancing. Coaching systems can be beneficial for individuals with memory or cognitive impairments and can assist with wayfinding and schedule management or with the performance of routine tasks, such using an appliance. Robotic devices can be used to augment an individual's strength or stamina or provide assistance with domestic chores. Clearly the health landscape is one area where technology can help meet the challenges associated with population aging.
...existing and emerging technologies hold a great deal of promise in addressing the service and support needs of older adults.
...in order for older people to receive the benefits of technology, technology systems and applications must be available, useful, useable...
Social Connectivity and Engagement
Another area where technology can help meet the challenges of population aging is by enhancing opportunities for social connectivity and engagement. Due to changes in life circumstances such as the loss of loved ones, changes in economic status, or health problems, social isolation and loneliness are common among older adults, especially those in the older cohorts and those who live alone. It is well established that being socially isolated is detrimental to physical and emotional well-being and can also contribute to declines in cognition (Aylaz, Artürk, Erci, Ӧztürk, & Aslan, 2012; Ellis & Hickie, 2001; Fratiglioni, Wang, Ericsson, Maytan & Winblad, 2002) . Information and communication technologies such as email and social media applications, while not a replacement for human contact, hold potential in terms of enhancing the connectivity of older adults and fostering social engagement. Our group (Czaja et al., 2017) recently evaluated a specially designed computer system for older adults, the Personal Reminder Information and Social Management (PRISM) system. The PRISM system included a software application and a robust support system with training and instructional support. The PRISM system was designed using a user-centered design approach and included a variety of features that provided easy access to resources and sources of information, opportunities for cognitive engagement, and features such as email to facilitate communication. The system was compared to a binder condition wherein older adults (aged 65-98 yrs.) who were at risk for social isolation received a notebook that contained paper content similar to that contained in PRISM. Our findings indicated the participants who received the PRISM system reported increased social support, decreased loneliness, increased feelings of well-being, more positive attitudes towards computers, as well as gains in computer proficiency (Czaja et al., 2017) . Other investigators (e.g., Choi, Kong & Jung, 2012; Cotten, Anderson & McCullough, 2013) have also shown that access to technology applications such as the Internet can improve quality of life and reduce feelings of loneliness among older adults.
There is also growing use of social media applications among older people. Recent data from the Pew Research Center indicated that of those 65 and older who go online, 34% use social media, an increase of 13% since 2014 (Pew Research Center, 2017) . A fairly recent survey study (Bell et al., 2013) found that older adults who use Facebook largely do so to keep in touch with family. Thus, use of social media may become an important way for older adults to remain socially connected.
Technology applications also offer a venue for continued engagement. For example, there are numerous online learning applications, which provide a venue for engaging in a new hobby or learning something new. These applications also provide an opportunity for older people to acquire needed work skill. In a focus group study (Lee, Czaja, & Sharit, 2009 ) we found that a major barrier for older job seekers was lack of the technical skills needed in today's workplace. There are also numerous computer games and cognitive remediation programs available. While the benefits of these applications for enhancing cognitive skills is still under debate (National Academies of Engineering, Science, and Medicine, 2015), they do provide a means for cognitive engagement. Finally, telework applications allow people to perform work activities from home via technology. Telework can offer several advantages for older adults, such as more flexible work schedules and the reduced need to travel to a work location. These advantages may be especially beneficial for older adults who wish to remain productively engaged but have more mobility restrictions or are involved in family caregiving. However, there are also challenges associated with telework, such as employee supervision, work scheduling, training, and limited opportunities for social interaction ). Overall, technology holds great promise in terms of improving the quality of life and independence of older adults. In the following section, factors that may serve as barriers to the benefits of technology being realized for older people will be discussed.
Factors Influencing Technology Uptake Among Older People
As highlighted in the above discussion, there are numerous ways that current and emerging technologies may be used to support older people. However, in order for older people to receive the benefits of technology, technology systems and applications must be available, useful, useable, reliable, and responsive to the needs of diverse groups of users. If technology is unavailable it cannot be used; if it is too complex, has usability problems, or is unreliable users will become frustrated and likely abandon it; and if it is too costly and the perceived value is low uptake will be limited.
Despite the increased adoption in technology among older adults they still lag behind other user groups. For example, according to recent data from the Pew Internet and American Life Report (Pew Research Group, 2017) 64% of adults aged 65+ years go online and 51% indicate that they have broadband access at home. However, adoption rates vary with the older cohort such that Internet use and broadband adoption is lower among those 75+ years and those with lower levels of education and income. There are also age-related disparities in smartphone use. Currently about 74% of Americans aged 50-64 own a smartphone as compared to only about 42% of those aged 65+. Similar age-related disparities are seen for use of computer tablets. Common reasons for nonuse of the Internet among older people include lack of understanding of the benefits of access, little perceived value, perceptions that the Internet is too difficult to use, and cost. Our work (e.g., Czaja et al., 2006) has shown that other factors, such as computer anxiety, self-efficacy, and cognitive abilities, influence technology uptake. Most of these factors influence technology uptake and use among older people for other forms of technology and are amenable to intervention.
For example, training and other forms of instructional support, such as readable user manuals, should be available even for seemingly "off the shelf" easy-to-use systems. Training should focus on how the technology can and should be used, as well as the mechanics of it. Technical support should also be available for technology implementation and maintenance. It is important that training and instructional materials are designed to meet the learning needs and preferences of older adults. For example, in general it takes older adults longer to learn new things and they typically need more support during the learning process. The provision of feedback is also important . Given the dynamic nature of systems and fast pace of change in technology (e.g., operating systems, versions of software) support needs to be available beyond training so that users can adapt to and keep up with changes in systems and applications.
Issues associated with systems and complexity present challenges for the design and research communities. In this regard, many technology applications have been designed without consideration of the needs, preferences, and capabilities of older adult user groups. To overcome potential problems with usability, a user-centered design approach should be used in systems and applications, where representative users are included in the design process (Fisk, Rogers, Charness, Czaja, & Sharit, 2009) . It is important to clearly identify potential users of a technology. For example, in the design of a home sensing system the user groups would likely include older adults, family caregivers, and formal care providers. It is also important to consider the use context. There are also guidelines available to aid the design of products and systems for older people (e.g., Fisk et al., 2009) . It also should be recognized that complex technology is not the answer to every issue; sometimes simple solutions are optimal.
Finally, consideration of cost and access must be considered at a policy level. As noted above, a reason older adults do not adopt technology such as the Internet is because of cost. This is problematic as there are a growing number of eHealth applications and access to benefits and services increasingly requires going online. Policies need to be in place to help those without access to reach necessary and beneficial technology applications. Policies regarding reimbursement for applications and devices also need consideration. There also needs to be greater interoperability and interconnectivity of different technologies and devices.
Conclusions
There are a host of technologies that can help meet the challenges of population aging, and more are on the horizon. These applications have the potential to improve the health, quality of life, and independence of older people, and enhance their ability to remain productively engaged. Technology can also be helpful to caregivers and healthcare providers and can help support service delivery and care coordination activities. Unfortunately, while we have made great strides in terms of connecting older adults with useful and beneficial technology applications, there are still challenges to overcome. These challenges include lack of access and awareness for some user groups, usability problems, cost, and policy issues. Other issues include lack of cost/benefit analyses, security and privacy issues, and data storage and integration. Research also needs to be directed towards issues regarding training and implementation strategies, the effectiveness of technology-based solutions for diverse user groups, and identifying the appropriate role of technology in the lives of older adults.
